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Specifications 

1. Name of the Invention 

A Carcinostatic Agent Prepared From Microspheres, and die Manufacturing Method Thereof. 

2. Scope of die Patent Claim 

1 . A carcinostatic agent prepared from microspheres formed from l-n-hexylcarbamoyl-5-fluorouracil and 
polylactic acid, or from the uniform compound with its copolymer. 

2. A mediod of manufacturing a carcinostatic agent prepared from microspheres formed from 1-n- 
hexylcarbamoyl-5-fluorouracil and polylactic acid or from the uniform compound with its copolymer, attained 
by stirring l-n-hexylcarbamoyl-5-fluorouracil, dissolved in mediylene chloride, and polylactic acid or its 
copolymer solution into an aqueous gelatin solution preserved at pH values between 3-6. 

3. Detailed Description of die Invention 

This invention is concerned widi a controlled-release carcinostatic agent prepared by formulating 1-n- 
hexylcarbamoyl-5-fluorouracil into microspheres, and die manufacturing mediod tiiereof 



The "carcinostatic agent prepared from microspheres" of this invention is a carcinostatic agent structured from 
microspheres possessing granular particles with grain diameter 10-300 u, which are formed by uniformly 
solidifying a solution of poly-lactic acid (or its polymer) and l-n-hexylcarbamoyl-5-fluorouracil. 

l-n-hexylcarbamoyl-5-fluorouracil (abbreviated HCFU hereafter) is a masking compound of the carcinostatic agent 
5-fluorouracil (abbreviated 5-FU hereafter). 5-FU is known among antimetabolite carcinostatic agents as an agent 
with excellent medicinal efficacy, but it lias the following shortcomings: it lias a short metabolic half-life, it is highly 
toxic, and induces impediment of the digestive organs, in particular. 

In order to improve on these shortcomings, HCFU was recently developed as one element for use in an oral 
carcinostatic agent. HCFU is already considered an exceptional carcinostatic agent with regard to carcinostatic 
activity, blood concentration duration, and hypotoxicity, but if it is administered continually over a long period of 
time, the complete suppression of side effects cannot be guaranteed. 
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Active research is performed with regard to dosage methods and medicine shape, in which a carcinostatic agent, 
which can be administered locally, is administered as a carcinostatic treatment to the cancer-affected region alone 
and prevents side effects to the regions of normal cells, while simultaneously using an exipient such as resin and 
considering the durability of the medicine. 

As a known method of so-called "controlled-release local dosage," which supplies the effective ingredient quantity 
of carcinostatic agents continually over an extended period of time to the cancer-affected region alone, there is, for 
example, a method in which a carcinostatic agent is inserted into a capsule or formed into a pill-shaped material and 
buried within the cancer-affected region. There is also a method in which agents are formed into microcapsules with 
a polymerized film through a coacervation of carcinostatic agents, or the polymer and the agent are dissolved 
together using the same solvent and uniformly solidified at the molecular level, then separated and cast into a 
microsphere agent. This agent is then injected into a muscle or blood vessel of the affected region, creates an 
embolus in the capillary vessels of the affected region with these capsules or spheres, and infiltrates only the blood 
vessel obstructed by the embolus. 

In cases in which carcinostatic agents that are prepared with microcapsules or microspheres are used as the embolus 
for the blood vessel of the affected region, materials with a uniform grain diameter under the vicinity of 200 \i are 
normally required. Furthermore, the microspheres must have a prescribed controlled-release effect; therefore, 
microcapsules that have been capsulized outside a prescribed grain diameter have a uniform film, and it is necessary 
that materials that have been formed into microspheres be prepared such that they have a homogeneous mixture. An 
organism-resorptive macromolecular material is ideal for the polymer that forms the base for die film or mixture 
used as the excipient for die microspheres, but ethyl cellulose or polyvinyl alcohol are normally used in the 
preparation of microspheres. Polyglycolic acid and polylactic acid are organism-resorptive macromolecular 
materials, but they have such physical limitations as: the melting temperature and viscosity of polyglycolic acid are 
high, and the glass transposition temperature of polylactic acid is low, while its viscosity is high. Therefore, it is 
considered difficult to obtain uniform microspheres with these organism-resorptive macromolecular materials. 

Therefore, there have been very few cases in which polyglycolic acid (or its copolymer) or polylactic acid (or its 
copolymer) were actually used to create microcapsules and microspheres (microspheres are usually called 
microprills), but it is documented in the patent release report S54-55717 that polylactic acid was applied under 
extremely low temperature conditions (-40 ~ -100°C). 

In the public report mentioned above, when microcapsules are manufactured at such low temperatures as -40 ~ 
-100°C, die capsulized core materials are insoluble like toluene. In die case in which polylactic acid uses a solvent 
with a low freezing point and isolates die microscopic grains of die core material to manufacture microspheres, both 
die polymer and die micro-granulated agent core are dissolved using a solvent mixture of toluene and chloroform. 
Microspheres are manufactured by adding a phase separating agent such as polyvalent alcohol, which is a non- 
solvent to counterbalance die solvent, to these low-temperature solutions, and then separating capsule grains or 
sediment grains. 

In die case of carcinostatic agents formulated from microspheres, die shape of die finely ground agent grains is not 
normally uniform, so it is difficult to obtain a uniform film in microcapsulation. Therefore, although it is said that 
microspheres are suitable with regard to dieir prescribed controlled-release effect, in order to formulate diese grains 
into microspheres, it is necessary to completely dissolve the medicine. However, as in the report described above, 
diere are very few solvents diat will dissolve both polylactic acid (or its copolymer) and a known carcinostatic agent, 
and it can dierefore be concluded diat, in diis report, die core grains of the agent needed to be micro-granulated. 

In die midst of earnestly investigating microspheres within an HCFU microsphere agent, die audiors of this 
invention discovered die unexpected result diat HCFU and polylactic acid (or its copolymer) are highly mutually 
soluble. The inventors discovered diat an agent diat is prepared from pellet-shaped microspheres, which are created 
by uniformly combining diese materials dirougli solidification, has powerful controlled-release efficacy as a 
carcinostatic agent. 
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Furthermore, the inventors learned that very-low temperature implementation and preprocessing for micro- 
granulation are unnecessary, and that by combining a particular solvent with a particular phase-separating agent, 
there is absolutely no cohesion among like microspheres. Finally, the inventors discovered that uniform HCFU 
microspheres with an average grain diameter of less than 200 |i could be obtained, which are ideal for cases in which 
the above materials are used with an embolus present in the blood vessels of a cancer-affected region. 

This invention provides an HCFU carcinostatic agent prepared from microspheres formed from 1-n- 
hexylcarbamoyl-5-fluorouracil and polylactic acid, or from the uniform compound with its copolymer, and a 
manufacturing method tiiereof. 

The polylactic acid (or its copolymer) used in this invention is a copolymer of poly-D, L-lactic acid, and glycolic 
acid with over 50% lactic acid content, and a macromolecule that lias a polylactic acid with a characteristic viscosity 
between 0.5 ~ 1.5 (measured at 0.5% density within a mixed solution of 10-weight phenol and 7-weight trichloric 
phenol at 30±0.1 °C) would be ideal. 

The microspheres of this invention, which are formulated from polylactic acid and HCFU, can be manufactured in 
the manner described below. 

At room temperature, add a type of polylactic acid and an amount of granulated HCFU totaling less than 40% of the 
weight of the polylactic acid (ideally around 1 ~ 10%) to a solution of methylene chloride. It is best to use polylactic 
acid with a diluted concentration between 1 ~ 10% of that of die methylene chloride. Prepare separately an aqueous 
gelatin solution with a pH value regulated between 3.0 - 6.0 (ideally between 4.0 ~ 5.0) by diluting 0.3 ~ 0.5% of 
the aqueous gelatin solution with dilute hydrochloric acid. With an aqueous gelatin solution with a pH value greater 
than 6.0, the HCFU will undergo hydrolysis when die methylene chloride solution is added, so this is not desirable. 
Also, uniform microspheres cannot be obtained with a pH value less than 3.0. Stir methylene chloride, in which the 
HCFU and a type of polylactic acid are dissolved, into diis acidic aqueous gelatin solution, and by slowly increasing 
die temperature from 30 - 60'C, methylene chloride from within the emulsified solution will foam in a micelle 
shape and evaporate. By increasing the temperature over several hours the methylene chloride will completely 
evaporate, so then remove and isolate die upper stratum of condensation, and wash away die gelatin residue witii 
warm water with a pH value between 4 - 5. By then performing vacuum dehydration, white microspheres with grain 
diameter between 10 ~ 300 \i can be obtained, and diere will never be any methylene chloride residue on the 
spheres. 

Microsphere carcinostatic agents containing HCFU that are obtained in tiiis way are a grain-shaped uniform mixture 
of a biopolymer-based agent of a type of polylactic acid and HCFU, and these carcinostatic agents possess 
prescribed controlled-release properties. 

Below we demonstrate an example of execution. 

Examples of Embodiment 

After stirring and dissolving 1.8 g of poly-DL lactic acid (measured at 30±0.1°C witii 0,5% density within a mixed 
solution of phenol and trichloric phenol with a 10 / 7 weight ratio) with a characteristic viscosity value tj = 0.63 into 
40 g of methylene chloride, we added 0.2 g of l-n-hexylcarbamoyl-5-fluorouracil (HCFU) [made by Mitsui East 
Pressure Chemistry, Inc.; product name: Miflor], completely solubilized the solution, and obtained a uniform, 
transparent solution. 

Separately, we then added 2 g of acid treatment gelatin [made by Kyujo Chemistry, Inc., jelly strength: 250] to 198 
g of water, dissolved die solution by increasing die temperature to 50°C, and produced 1% aqueous solution. After 
cooling die solution to air temperature, we adjusted the pH level to 4.5 witii dilute hydrochloric acid. 

We moved tiiis aqueous gelatin solution into a 500 ml beaker, added die above-mentioned methylene chloride 
solution, and after stirring and emulsifying the solution for 5 minutes using a 5 cm churning shuttlecock at 300 rpm, 
we evaporated die methylene chloride while gradually heating from the outside. The interior temperature reached 
50°C after approximately 30 minutes, and we then confirmed that the odor of methylene chloride had completely 
disappeared, and ended the microsphere-creating process. We removed die faint condensation on die upper stratum, 
and after wiping and flushing die system witii warm water with a pH value of 4.5, we air-dried die solution at 50°C 
and obtained a 1.6 g spherical, white microsphere witii grain diameter between 30 ~ 200 



The chemical element analysis values of this microsphere were as expressed in the chart below, and it uniformly 
contained 9.3% HCFU. Also, the results of chlorine analysis showed absolutely no signs of methylene chloride 
content. 

C(%) H(%) N(%) F(%) 

Chemical Element Analysis Value 

49.94 5.84 1.53 0.69 



Test Example 

After dissolving a fine powder of HCFU in physiological saline with a pH value of 6 and leaving it for one day and 
night, we measured the ultraviolet spectrum of this saline broken down by the eluted HCFU. We confirmed that the 
absorbance and density were directly proportional, and created the following calibrating curve. 



5-FU Density (mg/1) I: Abs (k max: 270 nm) 

2. 14 0.28 

3. 21 0.426 

4. 28 0.551 

5. 35 0.686 



Using this, we inserted 100 mg of the microsphere, which was obtained in die example of execution and contained 
9.3% HCFU, into 50 ml of physiological saline. Immediately after directly sampling 1 ~ 3 ml each day of 
measurement, we measured the UV spectrum and obtained the results of the following chart. 
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From this chart, it was confirmed that the HCFU carcinostatic agent, which was formulated from microspheres 
obtained from the example of execution, had a long-term controlled-release effect. 



Patent applicant: 

Mitsui East Pressure Chemistry, Inc. 
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